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Description 

The invention relates to a stepping gear or an incremental actuator for a tool for generating a 
clamping and/or spreading force including a reciprocating slide bar (push or pull rod), a sta- 
tionary jaw, a carrier fixedly connected to the stationary jaw on which the reciprocating slide 
bar is movably mounted and a jaw fixedly arranged on the slide bar. 

One such tool, termed a quick-action bar clamp, is disclosed in DE 39 17 473. This quick- 
action bar clamp has an incremental actuator for incrementally displacing the slide bar to- 
gether with the movable jaw relative to the fixed jaw. The incremental actuator is achieved by 
causing an actuating lever to engage a tiltable follower on the slide bar for a defined lever 
ratio. The follower is displaced against the bias of a return spring. When the actuating lever is 
pivoted, the follower is tilted on the slide bar to advance the slide bar relative to the fixed jaw. 
A return lock prevents backslip of the reciprocating slide bar. The return lock is tilted relative 
to the reciprocating slide bar such that any movement of the reciprocating slide bar contrary to 
the advance direction is prevented. When an item is clamped between the two jaws a closed 
positive connection circuit is created from the stationary jaws via the return lock into the slide 
bar and the movable jaw. This quick-action bar clamp suffers from the disadvantage that in- 
crementing, for one thing, is very small so that clamping necessitates "pumping" the bar 
clamp several times, and, for another, high actuating forces need to be applied to generate a 
high clamping force between the jaws. 

EP 0 997 233 discloses a clamping tool in which the lever ratios of the trigger can be varied 
with increasing clamping force to smaller displacements by the trigger having a mounting 
opening configured as a slot through which a mounting pin passes fixedly mounted on the 
carrier. With such a clamping tool only minor incremental increases or merely unsubstantially 
higher clamping forces are achievable. Apart from this, to achieve the smaller lever ratios a 
spring bias needs to be overcome so that although the lever ratios are diminished in favor of 
simple actuation, any force savings are cancelled out, at least in part, by the spring bias. 
Changing the lever ratios to a shorter active lever, in other words shorter advance distance, 
necessitates, for one thing, working against a positioning spring which urges the pivot mount 
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point in the direction of the lever configuration for greater increments, and for another, the 
clamping forces between the jaws cannot be increased during the phase in changing the lever 
configuration. Thus, the known incremental actuator fails to implement any change in the 
lever configuration without ensuring a continual increase in the clamping forces at the jaws in 
the course of the actuating lever distance. 

It is the object of the invention to overcome the disadvantages of the prior art by providing a 
stepping gear or an incremental actuator for a clamping and/or spreading tool permitting 
achieving large and small increments of advance distance whilst losses in force and distance 
in changing the lever configuration are to be best eliminated by keeping the structure of the 
incremental actuator configuration simple. 

This object is achieved as set forth in claim 1 or 5. 

Now, with two defined lever configurations each actuatable separate from the other and di- 
rectly applicable, force and distance losses due to continual changes in the active lever and the 
associated disadvantages are eliminated. In addition, the system in accordance with the inven- 
tion now makes it possible to provide advance distances for the clamping and/or spreading 
tool which are great for a quick closing operation of the clamping jaws and small as regards . 
the generation of great clamping forces, the actuation distances to be overcome being the 
same for both operation situations. 

In one preferred further embodiment of the invention a large increment distance lever con- 
figuration with a distance active lever determined by the spacing of the pivot mount of the 
trigger or operating arm from the force transmission location to a follower, entraining element 
or driver cooperating with the reciprocating slide bar, and a small increment force lever con- 
figuration with a force active lever are provided which is defined in the same way as the dis- 
tance active lever in taking into account the other force transmission location in each case. 
With the incremental actuator or stepping gear in accordance with the invention translation 
ratios of distance active lever to force active lever are now achievable of at least approx. 1.5, 
between 1 .5 and 2, of at least approx. 2, of at least approx. 2.2, between 2 and 5, exceeding 5, 
between 5 and 5.5 or at least approx. 5.5. 



In one preferred aspect of the invention the incremental actuator can be operated with two 
alternative active lever configurations which are more particularly effective exclusively alter- 
natively. Thus, in a first operating condition a distance lever configuration is effective and in a 
subsequent or second operating condition a force lever configuration is effective. Other oper- 
ating conditions are just as possible with the invention, especially since in one preferred as- 
pect of the invention two different lever configurations are actuated simultaneously, the one 
being defined to override the other. 

In a first alternative aspect of the invention the at least two lever configurations are configured 
by an operating arm or a trigger having a permanent pivot mount point. In a second alternative 
aspect of the invention the two lever configurations are achieved by at least two triggers, at 
least one of which, preferably both, featuring a permanent pivot mount point. 

An independent inventive aspect of the invention relates to an incremental actuator for incre- 
menting the reciprocating slide bar together with the movable jaw relative to the fixed jaw in 
the advance direction with at least two different increments and comprising at least one trig- 
ger or operating arm for actuating at least two lever configurations. In accordance with the 
invention a means for switching a force lever configuration into a second lever configuration 
is provided, whereby in accordance with the invention the switching means is devised so that 
when activated, more particularly in a predefined operating condition, the activated lever con- 
figuration has direct, smooth engagement. In this manner, an operational change of the incre- 
mental gear according to the invention without intermediate stroke and without interrupting 
the advance can be achieved. 

In an alternative preferred aspect of the invention at least one, preferably precisely one pivo- 
tally mounted trigger comprising two active levers is provided for the at least two lever con- 
figurations. Preferably these two active levers are directly activatable with no transition. The 
at least two active levers are preferably devised for engaging at least one, preferably at least 
two, follower(s), driver(s) or entraining element(s) displaceable against the bias of a return 
spring lever force transmissionwise. 
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As explained above, with the known two-increment actuator changing the lever configuration 
can only be achieved by shifting the pivot mount arm on the trigger, requiring the operator to 
accept a partial actuating stroke with no increase in force at the jaws. This loss of actuating 
direction and force is compensated by the arrangement in accordance with the invention. 

In another preferred further embodiment of the invention the means for switching from one 
lever configuration to another lever configuration is automatically completed without the as- 
sistance of the operator for a predefined clamping force. In this arrangement a viewing win- 
dow may be provided on the carrier of the tool to display the operation of the corresponding 
lever configuration to the operator. 

In another preferred further development the switching means is formed by a mechanism for 
parting a coupling structure which may be configured in accordance with the coupling com- 
ponent as mentioned above. The mechanism for parting the coupling structure, in other words 
the decoupling means, is preferably intended for being configured between the trigger and a 
follower. Preferably the decoupling means is devised as a load-dependent release means, 
more particularly configured as a spring-loaded force or notch mechanism. 

In a special aspect of the invention, activating the decoupling means releases a lever configu- 
ration, more particularly the distance lever configuration, in favor of another lever configura- 
tion, more particularly the force lever configuration. Since the force lever configuration dur- 
ing operation of the incremental actuator is always maintained activatable, the incremental 
actuator experiences no loss of actuation distance. 

In another special aspect of the invention the decoupling means comprises a force release 
threshold, on violation of which the decoupling means separates a follower from the trigger. 
Preferably the force release threshold is greater than the return spring force acting on a fol- 
lower to thus ensure that it is not the return mechanism of a return spring that achieves release 
or activation of the decoupling means. The decoupling means may also be provided with an 
overload release threshold which is particularly relevant in force operation and on violation of 
which the small increment lever configuration is deactivated or disconnected to prevent dam- 
age to the incremental actuator by excessively high actuating forces applied by the operator. 



In another preferred further embodiment of the invention a recoupling means is provided to 
reinstate a parted coupling between a follower and the trigger. The recoupling means is in- 
tended to be preferably positioned so that there is no need to clasp the clamping and/or 
spreading tool. Preferably the recoupling means can be actuated via a lock usually provided to 
prevent displacement (backslip) of the reciprocating slide bar contrary to the advance direc- 
tion following actuation of the trigger in thus permitting simultaneously availability, i.e. with 
one handle, of both release of the lock as well as activating the coupling between follower and 
trigger. 

The trigger is provided with at least two lever configurations with differing active levers, the 
trigger permitting engagement with the reciprocating slide bar by the at least two different 
active levers via at least two followers displaceable against the bias of at least one return 
spring. Providing at least two followers, each responsible for an incrementing action, forms 
separate force engagements with the reciprocating slide bar in using just one trigger. To 
achieve different lever configurations at least two force transmission locations need to be pro- 
vided on the trigger which determine the corresponding lever configuration of the incremental 
actuator. This aspect in accordance with the invention has more particularly the ergonomic 
advance that a multi-increment actuator is provided permitting operation with just a single 
trigger, whereby each increment can be exactly adapted to the operational requirements in 
each case. Thus, when in force operation high clamping forces are needed at the jaws, a pre- 
defined force transmission location on the trigger is selected with which short lever ratios are 
formed and which is to be connected to one of the followers, whereas in distance operation a 
corresponding force transmission location is to be defined which forms the desired lever con- 
figuration for a large increment and which is to be connected to one of the followers. 

In another preferred aspect of the invention at least two return springs are provided for the at 
least two followers. Each of the two return springs produces, for one thing, separate return of 
the followers and thus also of the trigger. 

In another preferred embodiment of the invention it is required that at least one follower in the 
non-actuated operating condition of the trigger be urged into a tilted position on the recipro- 
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cating slide bar. A return spring may be provided as such a bias or constraint means in one 
preferred aspect of the invention. This arrangement in accordance with the invention achieves 
an increase in the increment produced by the actuating stroke of more than 1 5% as compared 
to the incremental actuator of known clamps. In addition, now a spring force no longer needs 
to be overcome on every actuating stroke in forcing the follower into the tilt engaging the 
reciprocating slide bar. Now, instead, releasing the tilt is functionally individualized for an 
operating condition when the reciprocating slide bar actually needs to be drawn through unob- 
structed by the support. 

In another preferred aspect of the invention a return spring is intended to act on a follower 
such that the follower tiltingly contacts the reciprocating slide bar so that the follower in the 
non-actuated operating condition of the trigger directly acts with no delay on the reciprocating 
slide bar pushingly when the trigger is actuated. 

In still another preferred aspect of the invention the return spring and the follower are each 
assigned to the other such that the follower is in permanent contact with the trigger. This ar- 
rangement provides for multi-increment actuators, more particularly multi-increment actua- 
tors permitting a smooth change in incrementing, i.e. without any intermediate stroke and 
interruption of the advance stroke, in other words without the trigger experiencing a partial 
actuating stroke with no increase in force at the jaws. 

In yet another further development of the invention the trigger has a stop for stopping the fol- 
lower under the active influence of the return spring. As regards the force entry location of the 
return spring at the follower the stop is arranged so that the follower receives a pivoting force 
about the stop, it being this pivoting force which maintains the follower tilted relative to the 
reciprocating slide bar. 

In another preferred aspect of the invention the return spring features a spring rate capable of 
always urging the non-actuated trigger active lever supportingly into its actuating starting 
position in the compressed or expanded condition of the spring. 



In yet another further development of the invention at least one follower, preferably at least 
two followers, is/are connected to the trigger via a coupling component such that the force 
transmission locations at the trigger and at the follower always remain in the same location, 
resulting in active levers being formed substantially the same throughout complete operation. 
The coupling component may be configured rigid, for example as a compression rod, or elas- 
tically as a spring, more particularly as a coil spring. Preferably the coupling component is 
intended to cause the follower to contact the reciprocating slide bar tiltingly even in the non- 
actuated operating condition of the trigger because of the coupling. 

In yet another preferred further embodiment of the invention for coupling the at least two 
followers to the trigger an elastic, flexible or rigid coupling component is provided which 
more particularly is articulatedly connected to the trigger as well as to one of the at least two 
followers. Preferably the coupling component forms a multi-link chain, more particularly a 
two-link chain, resulting in stationary force transmission locations on the trigger and on the 
follower. 

In still another preferred further embodiment of the invention for large increment distance 
operation of the incremental actuator one follower is connected to the trigger via the coupling 
component in forming a distance lever configuration. A further follower for small increment 
force operation of the incremental actuator is connected to the trigger in slip or roll contact in 
forming a force lever configuration remaining substantially the same. 

In another preferred aspect of the invention one of the lever configurations is permanently 
activatable more particularly for a small increment displacement and a further lever configu- 
ration more particularly for a large increment displacement can override the activatable small 
increment lever configuration. When the decoupling means is deactivated the overriding lever 
configuration actually effects the reciprocating slide bar in displacing it more particularly in 
large increments, whereas when the decoupling means is activated the small increment lever 
configuration takes over functional operation of the incremental actuator smoothly and with- 
out delay in effectively engaging the reciprocating slide bar. 



-8- 

A further independent inventive aspect of the invention relates to an incremental actuator for 
incrementally advancing the reciprocating slide bar by two separately operable triggers or 
operating arms. The at least two triggers result in the reciprocating slide bar being advanced 
in the same direction. With this separate arrangement in accordance with the invention of two 
triggers for the same direction of advance it is now simple to form a multi-increment actuator, 
preferably a two-increment actuator. 

Unlike conventional incremental actuators achieving clamping forces in the range 600 to 
1,500 Newton, now with the incremental actuator in accordance with the invention clamping 
force six times as high are generated. The advantage of this increase in force makes itself felt 
not only quantitatively but also in the fact that such clamping tools are now available for a 
greater range of application necessitating clamping forces from 5,000 to 6,000 Newton. 

In another preferred further embodiment of the invention the at least two lever configurations 
are formed by two separate triggers or operating arms pivotally angled on the carrier, each of 
which comprises its own active lever for engaging the reciprocating slide bar via a follower 
with the aid of a return spring lever force transmissionwise. More particularly, the individual 
active lever of the corresponding trigger remains substantially the same during operation. 

In yet another preferred further embodiment of the invention the at least two triggers are pivo- 
tally mounted in a scissors action on the support, separate pivot mounts being provided at 
different locations on the carrier particularly for the triggers. 

In yet another further embodiment of the invention two triggers are pivotally mounted on the 
support and featuring opposite directions of actuation. Preferably the at least two triggers can 
be pivoted in a scissors arrangement on the support. 

In still another further embodiment of the invention the at least two triggers each comprise a 
pivot mount arranged at different locations on the support. Preferably one pivot mount is posi- 
tioned on one side of the reciprocating slide bar, more particularly on the actuating side, and 
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at least one pivot mount is positioned on the opposite side, preferably on the clamping side of 
the reciprocating slide bar. 

In another further development of the invention a large increment distance trigger is provided 
being engageable with the reciprocating slide bar via a follower displaceable against the bias 
of a return spring, the large increment distance trigger being coupled on one actuating side 
and its distance active lever acting on the follower at a clamping side of the reciprocating 
slide bar. 

In another further embodiment of the invention a distance trigger for a large increment and a 
force trigger for a small increment are provided. Preferably the distance trigger comprises a 
first portion extending substantially perpendicular to the reciprocating slide bar in the region 
of the engagement location with the follower and a second portion, the first and second por- 
tion partly surrounding the follower. As an alternative the second portion of the trigger may 
extend substantially in an axial elongation of the first portion. 

In a further development of the invention, in the non-actuated operating condition of the dis- 
tance trigger, its pivot mount is repositioned relative to a perpendicular to the reciprocating 
slide bar level with the follower contrary to the advance direction. This positional requirement 
of the pivot mount permits achieving very good lever configurations for incremental actuator 
ratios with large displacements. 

In another preferred embodiment of the invention a small increment force trigger is pivotally 
mounted on an actuating side of the reciprocating slide bar, the force trigger permitting en- 
gagement at the actuating side of the reciprocating slide bar with a follower via which at least 
two triggers can cooperate operationally with the reciprocating slide bar. 

In yet another preferred aspect of the invention a large increment distance trigger and a small 
increment force trigger are adapted to each other such that when the one trigger is actuated, 
the other trigger in each case functions as a supporting arm or counterarm. 
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In still another preferred aspect of the invention a return spring is integrated in the incremental 
actuator which on release of an actuating force by the operator returns the at least two triggers 
from their actuating end position to a starting point. In the starting point the at least two trig- 
gers are available for a complete actuating stroke. 

Another further development of the invention relates to a permanent tilt of the follower. To 
prevent distance losses in the actuating stroke of the trigger, permanently tilting the follower 
ensures that a force input into the reciprocating slide bar takes place directly on actuation of 
the trigger. 

In a preferred further embodiment of the invention a means for releasing the permanent tilt of 
the follower is provided in thus permitting a shift of the reciprocating slide bar, non- 
operationally, for opening a clamping zone between the jaws both contrary to and in the ad- 
vance direction with no obstruction. Preferably the means for releasing the permanent tilt is 
actuated by releasing a lock preventing displacement of the reciprocating slide bar contrary to 
the advance direction of the incremental actuator. 

In still another preferred further embodiment of the invention in distance operation of the in- 
cremental actuator a large increment distance trigger is pivotable as a countermount in utiliz- 
ing a force trigger defined contrary to the actuation direction of the distance trigger whilst 
permitting large increment displacement of the reciprocating slide bar. In force operation a 
force trigger is pivotable as a counterarm in utilizing the distance trigger defined more par- 
ticularly due to the lever ratios contrary to the actuation direction of the force trigger, permit- 
ting small increment displacement of the reciprocating slide bar for applying clamping and/or 
spreading forces. 

The known clamping tool according to EP 0 997 233 suffers from the disadvantage that the 
actuating direction fails to correspond to the resulting advance direction of the reciprocating 
slide bar including the movable jaw which often results in the clamping tool being wrongly 
applied by an inexperienced operator. In addition, the small increment lever configuration, i.e. 
for high clamping forces at the jaws, features an unfavorable force profile from the actuating 
lever via the pivot mount zone into the actuating lever. This results in the actuating force 



"1 

- 11 - 

needing to be redirected in the region of a kink at the pivot mount location to the actuating 
lever, as a result of which the structure particularly at the pivot mount is susceptible to fa- 
tigue. On top of this, for a small increment force lever configuration only negligibly higher 
clamping forces are generateable due to the low lever arm shortening and the compression 
spring at the oblong hole. 

It is on the basis of the above that another object of the invention is to overcome the disadvan- 
tages of the prior art, in particular by providing an incremental actuator for a clamping and/or 
spreading tool, more particularly a bar clamp, with which high clamping forces can now be 
produced between the jaws whilst permitting facilitated ergonomic operation by reason of a 
favorable force profile. 

This object is achieved by the features as set forth in claim 9. 

In accordance therewith an incremental actuator is provided with a trigger or operating arm 
whose pivot mount is now positioned on a clamping side of the reciprocating slide bar, in 
other words, the side where the clamping jaws are located. Furthermore, in accordance with 
the invention the force transmission location of the trigger is now to be defined on a follower 
displaceable against the bias of a return spring on the same side as the pivot mount. In this 
arrangement the pivot mount as well as the force engagement location are now located rela- 
tive to each other such that the actuating direction is now substantially in the same direction 
as the advance direction of the reciprocating slide bar. This feature in accordance with the 
invention now permits defining minute advance displacements by a simple design with which 
very high clamping forces can now be applied with no change in the actuating displacements. 

Unlike conventional incremental actuators achieving clamping forces in the range 600 to 
1,500 Newton, now with the incremental actuator in accordance with the invention clamping 
force six times as high are generated. The advantage of this increase in force makes itself felt 
not only quantitatively but also in the fact that such clamping tools are now available for a 
greater range of application necessitating clamping forces from 5,000 to 6,000 Newton. 
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In one preferred further embodiment of the invention the force engagement location of the 
trigger is now located at the follower between the pivot mount and the reciprocating slide bar, 
creating a favorable force profile from the actuating as applied by the operator up to the en- 
gaging location. Preferably, the pivot mount is arranged in the course of a longitudinal direc- 
tion of the reciprocating slide bar substantially level with the follower to thus achieve small 
active levers as needed for small advance distances. On top of this, this arrangement now 
makes it possible to eliminate bulky structures for redirecting the actuating force. 

In a further preferred aspect of the invention the pivot mount is now arranged offset in the 
non-actuated condition in the course of a longitudinal direction of the reciprocating slide bar 
relative to a perpendicular to the reciprocating slide bar level with the follower contrary to the 
advance direction of the incremental actuator. 

In a preferred further development of the invention the trigger is provided with a permanent 
stationary pivot mount location to thus avoid force losses as materialize with shiftable mount- 
ing locations as utilized to change the lever ratios. 

In another preferred aspect of the invention the pivot mount and the engagement location of 
the trigger on the follower are arranged substantially in a plane to which the reciprocating 
slide bar is located as the plane normal. 

Preferably the trigger comprises a first portion including an active lever and a second portion 
at which an operator can actuate the trigger, an obtuse angle located between the first and sec- 
ond portion exceeding approximately 135 deg., preferably approximately 150 deg, more par- 
ticularly substantially 180 deg. 

So that the trigger can be returned at the end of the actuating stroke to its starting point a re- 
turn spring is provided in a further embodiment in accordance with the invention. 
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In a further preferred aspect the follower is brought into a permanent tilted position relative to 
the reciprocating slide bar. For this purpose a return spring may be preferably provided which 
permanent acts on the follower operationally and urges the follower even in the non-actuated 
operating condition against a stop configured on the trigger. Via the stop the trigger is pivoted 
and tilted relative to the reciprocating slide bar. 

In a preferred further embodiment of the invention a means for releasing the permanent tilt of 
the follower is provided in thus permitting a shift of the reciprocating slide bar also contrary 
to the advance direction in the non-actuated condition of the actuating arm. Preferably the 
means for releasing the tilt are actuated by releasing a lock preventing displacement of the 
reciprocating slide bar contrary to the advance direction of the incremental actuator. 

In a special further embodiment of the invention the small increment trigger is intended to 
serve in a specific actuating position as a counterarm for a second trigger, especially for a 
large increment. On release of the small increment trigger it is then the return spring which 
forces the trigger back into its starting point. 

So that the incremental actuator in accordance with the invention is able to produce six times 
the clamping force between the jaws, as compared to conventional incremental gears, an over- 
load cutout is provided in a preferred aspect which releases and deviates the generated clamp- 
ing force from the incremental gear as soon as a force release threshold is violated. Preferably 
the overload cutout is configured as a decoupling means which parts the connection between 
the follower and the trigger as the force release threshold is attained or exceeded. 

The known and well proven clamping tool according to DE 39 174 473 suffers from the dis- 
advantage that with the jaws fully open in the case of small items to be clamped the trigger 
needs to be "pumped" several times so that the jaws can grip the item. 

The known incremental actuator provides a lever configuration achieving an incremental ac- 
tuator ratio of active lever length to actuating lever length of max. 0.3, the actuating lever de- 
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fining the spacing of the pivot mount from an actuating range on the trigger as normally used 
by the operator, maximally by the free end of the trigger opposite the pivot mount. 

It is another object of the invention to provide an incremental actuator for a clamping and/or 
spreading tool, more particularly a bar clamp, with which large advance increments of the 
reciprocating slide bar are now achievable for an actuating stroke of the trigger or operating 
arm in a compact arrangement with small actuating space. 

This object is achieved by the features as set forth in claim 1 1 . 

In accordance therewith a pivot mount of the trigger is disposed on an operating side of the 
reciprocating slide bar. It is understood that the actuating side is the side of the reciprocating 
slide bar at which an operator operates the trigger for pivoting the latter more particularly 
relative to a countergrip. In addition, the trigger is positioned in accordance with the invention 
so that a location for entering the force into the follower is provided on a side of the recipro- 
cating slide bar opposite the actuating side, namely to a clamping side. It is understood that 
the clamping side is the side of the reciprocating slide bar at which the jaws of the clamping 
and/or spreading tool are located. The incremental actuator in accordance with the invention 
provides a lever configuration which now achieves substantially greater displacements for an 
actuating stroke than permitted by incremental actuators of known clamping and/or spreading 
tools. The lever configuration created by the incremental actuator in accordance with the in- 
vention now provides a substantially larger active lever responsible for the greater displace- 
ments. This now makes it possible with a clamping and/or spreading tool featuring an incre- 
mental actuator in accordance with the invention to grip even small items with the clamping 
jaws far apart preferably with but a single actuating stroke or at least with far fewer "pump- 
ing" actions than with the incremental actuators of known clamping and/or spreading tools. 

In one further embodiment of the invention concrete lever length ratios are cited in relating 
the length of the active lever to the length of an actuating or active lever as achievable by the 
means of the invention. The actuating lever is a quantity definable from the distance of the 
pivot mount from the point of application as used by the operator on the trigger. The follow- 
ing cites the maximum length of the actuating lever as defined by the distance of the pivot 
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mount from the opposite free end of the trigger. It is particularly for a usual length of the ac- 
tuating lever of approximately 5 to 20 cm that the incremental actuator in accordance with the 
invention may have a lever length ratio of at least approx. 0.4; at least approx. 0.5; at least 
approx. 0.6; at least approx. 0.7; at least approx. 0.8; at least approx. 0.9 or at least approx. 1. 

In another aspect of the invention the trigger comprises a first portion extending substantially 
perpendicular to the reciprocating slide bar from a force entry location at which the trigger 
engages the follower. Adjoining the first portion is a second portion extending inclined to the 
reciprocating slide bar at a non-negligible angle of preferably at least approx. 20 deg, prefera- 
bly at least approx. 30 deg, preferably 45 deg at the most. Preferably the first and the second 
portion of the trigger partly surround the follower. 

Alternatively, the second portion of the trigger may be substantially an axial elongation of the 
first portion. 

In another preferred embodiment of the invention the pivot mount is arranged offset with ref- 
erence to the perpendicular of the reciprocating slide bar level with the follower opposing the 
advance direction of the incremental actuator. This positional requirement of the pivot mount 
achieves very good lever configurations for an incremental actuator ratio with large displace- 
ments. 

In another preferred aspect for providing favorable lever configurations for an incremental 
actuator ratio with large displacements, the pivot mount and force entry location are arranged 
in a plane passing through the reciprocating slide bar as the plane normal. 

It is another object of the invention to provide an improved incremental actuator for a clamp- 
ing and/or spreading tool, more particularly a bar clamp, ensuring transmission of a driv- 
ing/actuating force to the reciprocating slide bar with a minimum loss of force and displace- 
ment for a ratio of actuation direction to advance distance which is as optimal as possible. 

This object is achieved by the features of claim 12. 
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In accordance therewith, the trigger is connected to the follower via a coupling component 
ensuring a stationary force transmission. The coupling component ensures the force being 
transmitted always at the same location of the follower or trigger. So that shifts in the active 
lever are excluded. On top of this, any friction effect at the contacting surface areas is ex- 
cluded, making for easier operation of the clamping and/or spreading tool. The coupling com- 
ponent also has inherent advantages in design, because of it resulting in greater freedom in 
configuring the incremental actuator. 

In the invention a decoupling means at the follower and/or trigger is provided to, for example, 
release the tilted follower from its tilted position as dictated by the coupling component. 

Furthermore, the decoupling mechanism may be devised as a means for protecting the incre- 
mental actuator from an overload applied by the operator. Should the trigger receive an exces- 
sive force, the decoupling means releases the coupling between follower and trigger. For this 
purpose the decoupling means may be configured as a load-dependent release means. Prefera- 
bly the load-dependent release means is achieved by a spring-loaded force mechanism. 

In one preferred further embodiment of the invention the coupling component is configured 
rigid or flexible or elastic, more particularly as a rod, preferably as a compression rod or as a 
spring, preferably as a coil spring. Preferably the coupling component is located substantially 
parallel to the reciprocating slide bar. More particularly, in the course of actuation of the trig- 
ger the coupling component is displaced axially or lengthwise in the direction of the recipro- 
cating slide bar. 

In another preferred further embodiment of the invention the coupling component is articulat- 
edly connected to both the trigger and to the follower to thus achieve pivoting movements 
between the coupling component and the follower as well as between the trigger and the cou- 
pling component. In one preferred aspect a hinged link mechanism is provided for connecting 
the coupling component to the trigger and to the follower. In another preferred further em- 
bodiment of the invention the coupling component forms a multi-link chain, more particularly 
a two-link chain. 
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To avoid distance losses in actuating the trigger, the coupling component in accordance with 
the invention is preferably dimensioned so that the follower is tilted also in the non-actuated 
operating condition of the trigger relative to the reciprocating slide bar so that the edges of a 
through passage configured on the follower tiltingly contact the reciprocating slide bar. 

In another further development of the invention a return spring acts on the follower such that 
it can be returned relative to the reciprocating slide bar when the trigger needs to be returned 
from its actuating position to its starting position. In this arrangement the return spring is to be 
selected so strong that the trigger can automatically assume its starting position. However, the 
return spring must only be devised strong enough so that the force acting via the follower on 
the load-dependent release means does not activate the decoupling means unintentionally. 

In another preferred further embodiment of the invention a recoupling means is provided to 
reinstate a parted coupling between follower and trigger. The recoupling means is intended to 
be preferably positioned so that there is no need to clasp the clamping and/or spreading tool. 
Preferably the recoupling means can be actuated via a lock usually provided to prevent dis- 
placement of the reciprocating slide bar contrary to the advance direction (backslip) following 
actuating of the trigger in thus permitting simultaneous availability of both release of the lock 
as well as activating the coupling between follower and trigger. 

The known proved incremental actuator according to DE 39 174 473 is a follower comprising 
a plate with a through passage substantially in the middle through which the reciprocating 
slide bar penetrates with clearance. In a non-actuated operating condition of the trigger the 
follower biased by a return spring supported by a carrier section rests on a flat of the trigger. 
In the non-actuated operating condition the edges of the through passage do not engage the 
reciprocating slide bar. In first actuating of the handlegrip (first actuation phase) the follower 
in producing the standby condition is pivoted relative to the reciprocating slide bar and tilted 
with the latter, so that in a second actuation phase in forming clamping forces, the reciprocat- 
ing slide bar can be shifted in the advance direction against the bias of the return spring. On 
release of the trigger the biased return spring releases the tilt. The incremental actuator suffers 
from the disadvantage that part of the actuating distance, namely the first actuation phase for 
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bringing the follower into the tilted engagement position gets lost for advancing the recipro- 
cating slide bar. In addition to the loss of the actuating distance, part of the actuating force for 
deforming the return spring needs to be used to tilt the follower at the reciprocating slide bar 
to overcome the unused actuating distance. 

It is another object of the invention to overcome the disadvantages of the prior art, in particu- 
. lar to provide an improved generic incremental actuator for a clamping and/or spreading tool, 
more particularly a bar clamp, on which the available drive or actuating distances are made 
use of optimally and the drive or actuating force applied by the operator is translated with 
high efficiency. 

This object is achieved by the features as set forth in claim 14. According thereto, it is in- 
tended that in the non-actuated operating condition the follower is urged into a tilted position 
on the reciprocating slide bar. One such bias or constraint means in accordance with one pre- 
ferred aspect of the invention may be a return spring. This feature in accordance with the in- 
vention achieves an increase in the increment displaceable by an actuating stroke of more than 
15% as compared to the incremental actuator of known bar clamps. In addition, there is now 
no need for a spring force to be overcome on each actuating stroke in bringing the follower 
into the tilted position engaging the reciprocating slide bar. Instead, releasing the tilt is now 
intended to be functionally individualized into an operating condition when the reciprocating 
slide bar is actually required to be drawn through the carrier unobstructed. 

For shifting the reciprocating slide bar in a non-actuated operating condition of the clamping 
tool also contrary to the advance direction a means for releasing the permanent tilt of the fol- 
lower is provided particularly when the means for tilting the follower is also devised for con- 
figuring clamping forces at the follower. 

In one preferred aspect of the invention the bias means is set so that to the follower in the non- 
actuated operating condition of the trigger is communicated a clamping force engaging the 
reciprocating slide bar. In this arrangement the return spring responsible therefore preferably 
is supported by the carrier. 
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In another preferred aspect of the invention the return spring and follower are assigned to each 
other so that the follower is held in permanent contact with the trigger. This feature now 
makes available multi-increment actuators, more particularly multi-increment actuators 
achieving a smooth change in increment, i.e. without an intermediate stroke and interruption 
of the advance. 

In one preferred further development of the invention the trigger now has a stop for stopping 
the follower under the influence of the return spring. As regards the force engagement loca- 
tion of the return spring the stop is arranged on the follower such that to the follower is com- 
municated a pivoting force about the stop. It is this pivoting force which maintains the fol- 
lower in the tilted position relative to the reciprocating slide bar. 

In still another preferred aspect of the invention the follower is connected to the trigger via a 
coupling component such that the force transmission locations on the trigger and on the fol- 
lower always remain stationary, resulting in substantially the same active lever being formed 
throughout complete operation. The coupling component may be configured rigid, for exam- 
ple as a compressive rod or elastic as a spring, more particularly as a coil spring. Preferably 
the coupling component is intended to dispose the follower tilted to the reciprocating slide bar 
by the coupling in the non-actuated operating condition of the trigger. 

In a preferred aspect of the invention this release means is actuatable via a lock which pre- 
vents backslip of the reciprocating slide bar during operation of the clamping tool contrary to 
the displacement effect. Preferably releasing the lock as well as releasing the tilt of the fol- 
lower is achieved by simultaneously actuating the lock. For this purpose a structural coupling 
of the lock with the follower is to be provided. 

In still another preferred aspect of the invention the release means is configured as a decoup- 
ling means effective in the alternative aspect of a coupling component. The decoupling means 
parts the trigger from the follower so that the latter no longer remains in its tilting biased posi- 
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tion. Preferably the decoupling means is a load-dependent release means, more particularly a 
spring loaded latch mechanism. 

In another preferred further development of the invention the release means features a mini- 
mum load threshold set so that the return spring acting on the follower is unable to activate 
the release means in thus preventing any unintentional release or parting of the coupling be- 
tween follower and trigger during operation. Furthermore an overload threshold may be pro- 
vided set to protect the incremental actuator and the tool from excessive actuating forces. 

The invention relates to a tool for generating a clamping and/or spreading force, more particu- 
larly a bar clamp, including a reciprocating slide bar, a stationary jaw, a support fixedly con- 
nected to the stationary jaw on which the reciprocating slide bar is movably mounted, a mov- 
able jaw fixedly arranged on the reciprocating slide bar and an incremental actuator in accor- 
dance with the invention. 

For example, an incremental actuator may be configured with at least two followers and a 
switching means or an incremental actuator may comprise a two-trigger arrangement and a 
means for switching from one lever configuration to another lever configuration. 

Further advantages, features and properties of the invention will now be detailed by the de- 
scription of two preferred embodiments of the invention with reference to the drawings in 
which: 

Fig. 1 is a side view of a tool in accordance with the invention in the configuration as 

a bar clamp including a dual mode incremental actuator, shown in the idle position; 

Fig. 2 is a side view of the tool as shown in Fig. 1 , showing the end of an actuating 

stroke of the large-increment distance actuation mode; 

Fig. 3 is a side view of the tool as shown in Fig. 1 , but with the small-increment force 

actuation mode activated; 
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Fig. 4 is a side view of the tool as shown in Fig. 1 , showing the force actuation mode 

at the end of the stroke; 

Fig. 5 is a side view of the tool as shown in Fig. 1 showing the distance actuation 

mode reinstated; 

Fig. 6 is a diagrammatic side view but depicting realistic lever configurations of a 

tool in accordance with the invention in the configuration of a bar clamp in which a dual- 
mode incremental actuator is in an idle position; 

Fig. 7 is a side view of the tool as shown in Fig. 6 showing a force trigger positioned 

in a counterbearing position; 

Fig. 8 is a side view of the tool in accordance with the invention as shown in Fig. 6 

showing a distance trigger in an actuated operating condition as indicated by the dotted line; 

Fig. 9 is a side view of the tool in accordance with the invention as shown in Fig. 6 

showing a positive contact between the fixed and movable jaws; 

Fig. 10 is a side view of the tool in accordance with the invention as shown in Fig. 6 

showing the force trigger in an actuated operating condition, and 

Fig. 11 is a side view of the tool in accordance with the invention as shown in Fig. 6 

showing how jaw tension is released by actuating a release lever. 

The bar clamp 1 as shown in Figs. 1 to 5 includes a carrier or support 3 comprising a fixed 
jaw 5, a housing 7 and a handle grip 9, and a slide bar or push rod 1 1 movably mounted on 
the carrier 3, at the end of which a movable jaw 13 is fixedly attached, for example, by means 
of rivets or releasably by a quick-action latch mechanism. The jaws 5 and 13 may be arranged 
facing each other (clamping tool) or facing away from each other (spreading tool). The fixed 
jaw 5 and movable jaw 13 are arranged on a clamping side 15 of a longitudinal centerline of 
the slide bar 11. The handle grip 9 is arranged on an actuating side 17 of the longitudinal cen- 
terline of the slide bar 1 1 . 
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The housing 7 defines a cavity 19 dimensioned to accommodate, at least in part, the members 
of a dual-mode incremental actuator 21 having two different increments. Referring now to 
Fig. 1 there is illustrated the fixed jaw 5 and movable jaw 13 in an open position relative to 
each other, a clamping zone 23 being defined between the jaws 5, 13. It is in this clamping 
zone 23 that an item (not shown) can be clamped. 

For simple manufacture of the bar clamp in accordance with the invention the fixed jaw 5 and 
housing 7 and handle grip 9 are made in one piece, more particularly injection molded in plas- 
tics material. 

The slide bar 1 1 as well as the movable jaw 13 are defined movable to the effect that they can 
be moved relative to the carrier 3. The slide bar 1 1 is shiftingly mounted axially on the carrier 
at two radial mounting portions 25, 27 for introducing radially acting mounting forces from 
the slide bar 1 1 into the carrier 3 or from the carrier 3 into the slide bar 1 1 . 

The incremental actuator 2 1 is designed for incremental displacement of the movable slide bar 
11 including the movable jaw 13 in an advance direction V. The incremental actuator 21 in 
accordance with the invention comprises as a drive a trigger or operating arm 31 which is 
pivotally mounted via a pivot mount 33 on the carrier 3. 

In a non-actuated operating condition of the trigger 31 (Fig. 1) a portion of the side of the 
trigger 31 facing away from the handle grip 9 is stopped by a stop formed by a portion 35 of 
the carrier 3 at the actuating side. 

The trigger 31 has a handle grip inlay 37 made of a material having a high friction coefficient, 
such as rubber. On operation of the bar clamp 1 an operator (not shown) clasps the handle 
grip 9 such that the handle grip inlay 37 is gripped by at least the middle finger and/or index 
finger whilst the handle grip 9 rests in the palm of the hand as a counterhold. 
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The incremental actuator in accordance with the invention has a force follower or driver 39 
and a distance follower 41. Both followers 39 and 41 comprise a through passage 43 and 45 
respectively, the dimensioning of which in each case is dimensioned relative to the constant 
cross-section of the slide bar 1 1 such that the slide bar 1 1 is adapted in clearance to the longi- 
tudinal centerline of the slide bar 1 1 in a vertical position of the followers 39, 41 . 

Biasing the distance follower or driver 41 is a return spring 49 located as a coil spring about 
the slide bar 1 1 and which is supported on one hand by the inner side of the slide bar mount 
25 and biasing on the other hand the distance follower 41 contrary to the advance direction V. 
In the non-actuated operating condition of the incremental actuator 21 as shown in Fig. 1 too, 
the return spring 49 biases the distance follower 41 . 

Arranged in a substantially parallel orientation to the return spring 49 at the clamping side 1 5 
is a return spring 51 which is supported on the one hand in a blind hole location provided in 
the carrier 3 and on the other hand biases the force follower 39. 

In the non-actuated operating condition of the incremental actuator 21 as shown in Fig. 1 the 
return spring 51 is urged against a clamping side 15 portion of the force follower 39. The 
force follower 39 is formed by two plates dimensioned the same, one plate engaging the re- 
turn spring 51, the other plate cooperating with the trigger 31 operationally as detailed below. 

The distance follower 41 comprises at the actuating side (17) an elongation accommodating a 
load-dependent decoupling means 53. The decoupling means 53 serves to permit scissors ac- 
tion of the trigger 31 with the distance follower 41 when a predefined actuating force thresh- 
old, i.e. a load threshold acting on the decoupling means 53 is exceeded. The elongation of the 
distance follower 41 comprises a recess for receiving a biasing spring 55 biased. The biasing 
spring 55 acts on a ball 57 which in the deactivated condition (Fig. 1) of the decoupling 
means 53 is urged against a dished end portion of a coupling rod 59. The end portion of the 
coupling rod 59 is provided with a dished operator receiving a pin 61 via the biasing spring 55 
in the deactivated condition (Fig. 1) of the decoupling means 53. The predefined load thresh- 
old of the force release threshold can be predefined by the spring rate of the biasing spring 55 
as well as the dimensioning of the pin 61 and of the dished end portion of the coupling rod 59. 
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The operating condition of the incremental actuator 21 in which the decoupling means 53 is 
activated in permitting scissors action of the trigger 37 with the distance follower 41 is de- 
tained further on. 

The coupling rod 59 prevents in the deactivated condition (Fig. 1) of the decoupling means 53 
a relative movement between the distance follower 41 and trigger 31. Due to a hinge-like pin 
and dished arrangement on the one hand and a hinged link 63 on the other, the coupling rod 
59 forms a two-hinged link chain for coupling the trigger 31 to the distance follower 41 , re- 
sulting in stationary force transmission locations (65). 

The hinged link 63 defines a permanent distance active lever ww which is effective when the 
decoupling means 53 is deactivated, i.e. the trigger 31 is coupled to the distance follower 41. 
The length of the distance active lever ww relevant for the large increment distance operation 
mode of the incremental actuator 21 is determined by the spacing of the pivot mount 33 of the 
trigger 3 1 and the hinged link 63. 

The second operating condition (Figs. 3 and 4) of the dual mode incremental actuator 21 is 
defined by a force active lever wk, the length of which is determined by the spacing of the 
pivot mount 33 from a force transmission location on the trigger 31 formed by a force trans- 
mission location 65 secured to the trigger. 

An actuating lever b max is the same for both operating conditions, i.e. distance operating con- 
dition and force operation condition, reference being made in this case merely to the longest 
actuating lever by corresponding operation, for a better understanding of the Figs., as defined 
by the spacing of the pivot mount 33 of the trigger 31 away from the end 67 of the trigger 31 
at the free actuating side. 

Provided at the side of the housing 7 facing the clamping zone 23 is a lock 71 which prevents 
displacement (backslip) of the slide bar 11 contrary to the advance direction V. The lock 71 
comprises an actuating portion 73 and a mounting part 75 pivotally mounted in a C-shaped 
recess configured in the carrier 3. A biased locking spring 77 urges the lock 71 into the posi- 
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tion as shown in Figs. 1 to 4 inclined to the longitudinal centerline of the slide bar 1 1 passing 
through the lock 71 in a through passage (not shown) adapted in clearance to the dimension- 
ing of the slide bar 1 1 . 

In the inclined position as shown in Figs. 1 to 4 the lock 71 with its lateral edges (not shown) 
is tilted with the slide bar 1 1 such that the clamping forces produced at the tilted portions by 
means of the locking spring 77 prevent the slide bar 1 1 from being returned contrary to the 
advance direction V (backslip) in thus maintaining the clamping forces produced at the fixed 
jaw 5 and movable jaw 13. 

Provided at the actuating side 17 of the slide bar 11 is a recoupling means 81 shiftingly 
mounted as an elongated component in a mounting recess in the carrier portion 35. The lock- 
ing spring 77 forces the elongated component into contact with the actuating portion 73 of the 
lock 71 . A detailed description of the function of the recoupling means 81 is given below. 

Individual, more particularly independent aspects of the invention will now be described as 
relating more particularly to the functional relationship of the individual components of the 
incremental actuator 21 in accordance with the invention and the tool in accordance with the 
invention. 

Distance operation of the incremental actuator 21 

As indicated above, the incremental actuator in accordance with the invention has two incre- 
ments or two different advance distances for a full actuating stroke of the trigger 3 1 . The op- 
erating condition will now be explained in which large advance distances are achieved on an 
actuating stroke as defined by the angle between the handle grip 9 and the trigger 3 1 . 

In distance operation for displacing the slide bar 1 1 together with the movable jaw 13 the dis- 
tance active lever ww is effective. No forces occur at the fixed jaw 5, as a result of which ac- 
tuating the trigger 3 1 is already possible with a small force which, however, is not sufficient 



-26- 



to activate the decoupling means 53, i.e. to urge the pin 61 from the dished recess of the cou- 
pling rod 59 by the biasing spring 55 being compressed. 

Pivoting the trigger 31 displaces the slide bar 11 via the distance follower 41 tilted with the 
slide bar 1 1 in the advance direction V by the increment of the distance operation coupled to 
the return spring 49. The return spring 49 must only be dimensioned strong enough that it 
communicates in none of its compressed conditions a force to the distance follower 41 which 
is stronger than the release force threshold needed to activate the decoupling means 53. 

On completion of the full actuating stroke (see Fig. 2) the trigger 3 1 contacts the handle grip 9 
and the return spring 49 is in its maximally compressed position. When the operator releases 
the trigger the return spring 49 urges the trigger 31 via the distance follower 41 coupled 
thereto into its idle position as shown in Fig. 1 in which it rests against the stop on the actuat- 
ing side portion 35. 

Referring now to Figs. 1 and 2 illustrating the idle position and the end position of the trigger 
in distance operation of the incremental actuator 21 it is evident that also during large incre- 
ment distance operation the force transmission location 65 of the trigger 3 1 engages the force 
follower 39 and thus in distance operation of the trigger 31 too, the force follower 39 is 
shifted in accordance with the actuating stroke of the trigger 3 1 and the force active lever wk 
in the advance direction V. Although the advance of the force follower 39 in the advance di- 
rection V does not effectively determine the displacement of the slide bar 1 1 in distance op- 
eration of the incremental actuator 21, because the advance rate of the slide bar 1 1 during dis- 
tance operation is substantially higher than the advance rate could be effective by the dis- 
placement of the force follower 39 in accordance with the force lever configuration during 
distance operation, operating the trigger 3 1 in distance operation of the incremental actuator 
moves both the distance follower 41 as well as the force follower 39 in the advance direction 
V. In this arrangement the slide bar 1 1 has no movement relative to the distance follower 41 
during distance operation but the slide bar 1 1 is displaced relative to the force follower 39. 

Accordingly, the lever configuration (force active lever wk) responsible for force operation of 
the incremental actuator 21 is also in function during distance operation without, however, 
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acting on the slide bar 1 1 in any lever force transmitting way. Thus the spacing between the 
force follower 39 and the distance follower 41 as shown in Fig. 2 does not represent the actual 
displacement increment of the incremental actuator in distance operation, because the force 
follower 39 is also displaced by roughly the product of the force active lever wk and the sine 
of the angle a. The actual increment of the incremental actuator 21 in distance operation is 
roughly determined by the product of the distance active lever ww and the sine of the angle a. 

Force operation of the incremental actuator 21 

In force operation of the incremental actuator 21 the slide bar 1 1 is displaced in the advance 
direction V only in small increments, resulting in lighter increases in tension between the 
fixed jaw 5 and movable jaw 13. 

In force operation the force active lever wk of the trigger 3 1 is effective. Referring now to 
Fig. 3 there is illustrated the decoupling means 53 in its activated condition. The pin 61 is 
urged from the dished mount so that the distance follower 41 can be shifted by the return 
spring 49 unobstructed contrary to the advance direction V to the pivot mount 33 by the dis- 
tance follower 41 no longer being forced in a tilted position by the rigid coupling by means of 
the coupling rod 59. 

The decoupling means 53 is then activated when a force is communicated to the trigger 31 by 
the operator which exceeds the release force threshold preset by the decoupling means 53. 
This actuating force is applied operationally only when a clamping force is needed between 
the fixed jaw 5 and movable jaw 13, namely when an item to be clamped is to receive clamp- 
ing forces. This scenario is indicated in Fig. 3 by the contact of the jaws 5, 13. 

Due to the coupling rod 59 being uncoupled from the distance follower 41 the distance active 
lever ww of the trigger 31 is no longer effective. 

As explained above, the trigger 31 at the force transmission location 65 (force active lever 
wk) is permanently in contact with the force follower 39 throughout full operation of the in- 
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cremental actuator as is produced by the return spring 5 1 . This results in the force lever con- 
figuration becoming directly effective in achieving a continual advance of the slide bar 1 1 
without interruption by the change-over due to decoupling on continued actuation of the trig- 
ger. 

Due to the small force active lever wk it is evident that when the trigger 3 1 is actuated by an 
actuating stroke (a) a much smaller increment is achieved than in distance operation with the 
distance active lever ww as described above. 

Referring now to Fig. 4 there is illustrated how actuating the trigger 3 1 in force operation by 
an actuating stroke (a) results in the trigger 31 being in contact with the handle grip 9. Releas- 
ing the trigger 3 1 results in it being returned to the idle position because of the return spring 
51. This is evident from Fig. 3. Since the return spring 49 urges the deactivated distance fol- 
lower 41 against the force follower 39 the pin 61 is unable to return latch into the dished end 
portion of the coupling rod 59 in thus making a repeat actuating stroke possible without delay 
with this force lever configuration. 

Releasing the clamping force and recoupling 

Referring now to Fig 5 there is illustrated how to release the clamping force effective between 
the fixed jaw 5 and movable jaw 13 the lock 71 needs to be actuated by its actuating portion 
73 at the actuating side in the advance direction V so that the actuating portion 73 is pivoted 
at the mounting part 75 and the tilt is released with the slide bar 1 1 which is responsible for 
maintaining the clamping force between the jaws 5 and 13 because of the closed force circuit 
from one jaw via the lock 71 into the slide bar 1 1 and further into the other jaw 13. 

Again as indicated in Fig. 5 actuating the lock 71 simultaneously actuates the recoupling 
means 8 1 , resulting in the elongated component of the recoupling means 8 1 being urged in the 
advance direction V in overcoming the bias of the locking spring 77. 
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As evident from Fig. 3 5 in the idle position of the trigger 31 in force operation of the incre- 
mental actuator 21 the distance follower 41 is in contact with the free end of the elongated 
component so that actuating the lock 71 directly affects the distance follower 41. When the 
lock 71 is actuated the return spring 49 causes the distance follower 41 to pivot about the end 
portion of the return spring 49 at the distance follower 41 so that the pin 61 is able to couple 
into the dished end portion of the coupling rod 59, as evident from Fig. 5. 

Again as indicated in Fig. 5 a follower 85 results in release of the permanently tilted force 
follower 39. By releasing the lock 71 and tilting the force follower 39 the bar can be shifted 
contrary to the advance direction V to part the jaws 5 and 13 in preparation for a new clamp- 
ing zone 23. 

Permanently tilted force follower 39 

As explained above, the force follower 39 is maintained in a permanently tilted position rela- 
tive to the slide bar 1 1 to permit force operation at any location along the slide bar 1 1 . 

The tilted position of the force follower 39 permits changing from the large increment mode 
to the small increment mode of the incremental actuator 21 even during an actuating stroke of 
the trigger without any loss of actuating distance. 

The distance follower 41 too, is maintained in a permanently tilted position relative to the 
slide bar 1 1 by the coupling rod 59 cooperating with the return spring 49 when the decoupling 
means 53 is deactivated. 

Referring now to Figs. 6 to 1 1 there is illustrated a second preferred embodiment of the tool in 
accordance with the invention and incremental actuator in accordance with the invention re- 
spectively. The tool is illustrated in the configuration of a bar clamp 101, including a carrier 
103 comprising a fixed jaw 105 and a housing 107, a reciprocating slide bar 1 1 1, at the one 
end of which a clamping jaw 1 13 is fixedly attached. The fixed jaw and the housing 107 may 
be made in one piece, more particularly injection molded in plastics material. The jaws 105, 
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II 3 are provided on a clamping side 1 1 5 of the slide bar 111, the opposite side of the slide bar 

I I I being termed the actuating side 117. 

The housing 1 07 defines a cavity 1 1 9 in which organs of a dual -mode incremental actuator 
121 are accommodated, at least in part, providing two operating conditions, namely distance 
operation characterized by large displacements of the slide bar 111 and a force operation con- 
figured by small displacements for producing high clamping forces between the jaws 105 and 
113. 

In Fig. 6 the jaws 105 and 113 are shown separate from each other, between which a clamping 
zone 123 is definable in which an item to be clamped can be inserted. 

The incremental actuator 121 with its two increments comprises a distance trigger 125 indi- 
cated by a dotted line for pivoting about a pivot mount 127. The pivot mount 127 is arranged 
at the actuating side 1 17 on the carrier 103. 

The distance trigger 125 comprises an inset grip inlay 129 featuring a high friction coefficient. 
In addition, the distance trigger 125 comprises a first portion 131 with the grip inlay 129 and a 
second portion 132, the two portions 131, 132 being arranged at an angle of approx. 125 deg. 

The distance trigger 125 comprises a non-variable permanent lever configuration defined by 
the active lever ww. The length of the active lever is determined by the spacing of the pivot 
mount 127 from a force transmission location 128. 

In addition, the incremental actuator 121 in accordance with the invention comprises a force 
trigger 137 for pivoting about a pivot mount 139 arranged at the clamping side 115 on the 
carrier 103. The force trigger 137 comprises a grip inlay 141 located at the side of the force 
trigger 137 facing away from the distance trigger 125. As evident from the arrangement of the 
grip inlay 141, grip inlay 129 the bar clamp 101 can be gripped either by the force trigger 137 
or by the distance trigger 125. 
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The force trigger 137 comprises a first arm portion 143 and a second arm portion 145 located 
at an angle of approximately 1 60° to each other. The lever configuration of the force trigger 
137 is defined by the force active lever wk, the length of which is definable by the spacing of 
the pivot mount 139 of the force trigger 137 from the force transmission location 135, config- 
ured as a pin secured to the force trigger 137. 

The incremental actuator in accordance with the invention comprises a sole follower 151 
formed by two parallel plates. The follower 151 comprises a through passage (not shown) 
through which the slide bar 1 1 1 can pass with a clearance. The distance trigger 125 and force 
trigger 137 are engaged by a follower 151 at the clamping side 115. 

The return spring 153, surrounding the slide bar 111 as a coil spring, is supported on the one 
hand by the inner side of the radially mounting portion of the carrier 1 03 whilst on the other it 
biases the follower 151 contrary to the advance direction V. 

Referring now to Fig. 6 there is illustrated the idle position of the force trigger 137 in which 
the force trigger 137 contacts a stop (not shown) of the housing 107 at the actuating side 117 
so that the force trigger 137 as well as the force transmission location 135 cannot be pivoted 
contrary to the advance direction V. Due to the return spring 153 the follower 151 is urged 
contrary to the advance direction V against the force transmission location 135 in assuming a 
tilted position in which the follower 1 5 1 is tilted with the slide bar 111. It is in this way that a 
tilted position of the follower 151 is made available in the non-actuated condition of the force 
trigger 137. 

Provided at a side of the housing 107 facing the clamping zone 123 pivotally mounted is a 
lock 155 comprising a actuating portion 157. A pivot portion 159 cooperates with a recess 
provided at clamping side of the housing 107 such that the lock 155 is held on the housing 
107 for pivoting about the pivot portion 159. 
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The lock 155 has a through passage through which the slide bar 1 1 can pass with a clearance. 
A locking spring 161 forces the lock 155 into a position permanently tilted relative to the slide 
bar 1 1 1 so that the lock 155 is tilted relative to the slide bar 1 1 1 in preventing a displacement 
(backslip) of the slide bar 1 1 1 contrary to the advance direction V. 

The actuator in accordance with the invention also comprises a means 163 for releasing the 
tilted position, arranged on the actuating side on the housing 107. The means 163 is formed as 
an elongated component shiftingly mounted on the housing portion at the actuating side and 
biased by the locking spring 161 contrary to the advance direction V. 

Distance operation of the incremental actuator 121 

Referring now to Figs. 6 to 8 there is illustrated three operating positions for distance opera- 
tion of the incremental actuator, Fig. 6 showing a non-actuated position, Fig. 7 an intermedi- 
ate position and Fig. 8 an actuation end portion. 

In the starting position as shown in Fig. 6 the bar clamp 101 is gripped so that the distance 
trigger 125 lies in the palm of the hand and the force trigger 137 is gripped by at least the 
middle finger and/or index finger. 

Due to the permanently tilted position of the follower 151 even the smallest actuating stroke 
of one of the triggers 125 or 137 results in a displacement of the slide bar 111. 

Referring now to Fig. 7 there is illustrated how before the distance trigger 125 becomes ac- 
tive, the force trigger 137 is pivoted about a pivot range □ to bring the force trigger 137 into 
its counterposition in which the force trigger 137 contacts the pivot mount 127 of the distance 
trigger 125 by its side facing the distance trigger 125. In the counterposition the force trigger 
137 cannot be further pivoted towards the distance trigger 125. The follower 151 is already 
displaced in the advance direction V by the force lever configuration coupled to the force ac- 
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tive lever wk in this first actuating phase of the force trigger 137. It is to be noted that this 
displacement corresponds to the increment in force operation. 

Once the force trigger 137 has attained the counterposition as shown in Fig. 7 the large incre- 
ment displacement, the same as in distance operation of the incremental actuator 121, can be 
attained. As evident from Fig. 8 the distance trigger 125 is pivoted towards the stationary 
force trigger 137 in accordance with the distance lever configuration in which the distance 
active lever ww is effective. 

Referring now to Fig. 8 there is illustrated how in a full actuating stroke of the distance trigger 
125 the return spring 153 is compressed. Releasing the force actuating the distance trigger 125 
(Fig. 9) results in the return spring 153 urging the follower 151 from its tilted position in re- 
turning it to the force trigger 137, more particularly to the force transmission location 135. 
This return of the follower 151 takes place in continual contact with the force transmission 
location 128 of the distance trigger 125 at the end thereof at the clamping side. 

If the item to be clamped (not shown) has yet to be gripped (see Fig. 7) the distance trigger 
125 can be again actuated after having attained the position as shown in Fig. 7, until the jaws 
105 and 113 have gripped the item to be clamped (not shown). 

Force operation of the incremental actuator 121 

Referring now to Figs. 8 to 10 small increment force operation of the incremental actuator 
will now be detailed. Force operation is particularly good for application when high clamping 
forces need to be applied by the jaws 105 and 1 13 as is indicated in Figs. 8 to 10 by the jaws 
105, 113 being in direct contact. 

Once the two jaws 105, 113 are in contact no further actuation of the distance trigger 125 is 
possible since the large distance active lever ww requires enormous forces to achieve a dis- 
placement of distance increment. Accordingly, the distance trigger 125 in force operation of 
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the incremental actuator is to be appreciated as a counterarm with respect to which the force 
trigger 137 can be pivoted. 

Before the force actuating stroke is achievable the force trigger 137 needs to be moved from 
its end portion as shown in Fig. 7 into the starting position as shown in Figs. 6 and 9. For this 
purpose the force trigger 137 is to be released so that the return spring 153 is able to produce 
the necessary pivoting movement about the pivot mount 139 into the starting position via the 
follower 151 and the force transmission location 135. 

In force operation of the incremental actuator 121 the distance trigger 125 is used as a coun- 
terarm. The force trigger 137 is pivoted until the side of the force transmission location 135 
facing the distance trigger 125 engages the pivot mount 127 of the distance trigger 125 as 
shown in Fig. 10. The force lever configuration produces small increments of constant actuat- 
ing stroke so that the desired clamping forces can be induced in the jaws 105 and 113. 

This action can be repeated by the force trigger 137 being released from the fingers of the 
operator (not shown), resulting in the return spring 153 returning the trigger to its starting 
position in readiness for a new force actuating stroke, as shown in Fig. 9. 

Releasing the clamping force and tilting 

To release the clamping force between the jaws 105, 113 as maintained by the lock 155, the 
actuating portion 157 of the lock 155 needs to be actuated in simultaneously actuating the 
means 163 to release the tilt of the follower 151. When the lock 155 is actuated the elongated 
component of the means 1 63 urges the portion of the follower 1 5 1 at the actuating side, result- 
ing in it being pivoted about the force transmission location 135 of the force trigger 137 to 
thus defeat its tilted position relative to the slide bar 111. 

Deactivating the lock 155 and activating the means 163 permits displacing the slide bar 111 
together with the movable jaw 113 contrary to the advance direction V. 
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It is understood that the features of the invention as disclosed in the above description, in the 
drawing as well as in the claims may be substantial to achieving the invention in its various 
embodiments both individually and in any combination. 



